INTRODUCTION
============

High blood pressure (BP) is a major yet modifiable risk factor for cardiovascular disease (CVD) worldwide.[@B1] The 2017 American College of Cardiology/American Heart Association Guideline for the Prevention, Detection, Evaluation, and Management of High Blood Pressure in Adults (ACC/AHA guideline)[@B2] has adopted lower BP criteria for hypertension, 130/80 mmHg, compared with the Seventh Report of the Joint National Committee on Prevention, Detection, Evaluation and Treatment of High Blood Pressure (JNC 7)\'s[@B3] previous 140/90 mmHg. On the other hand, the 2018 Korean Society of Hypertension (KSH) Guidelines for the Management of Hypertension (KSH guideline) stood by the diagnostic criteria of 140/90 mmHg,[@B4] while recommending pharmacological treatment for individuals with prehypertension (130--139/80--89 mmHg) if at high risk for atherosclerotic cardiovascular diseases (ASCVD; [Table 1](#T1){ref-type="table"}).

###### BP levels used to define hypertension, recommended antihypertensive medication, and treatment goal according to the 2017 ACC/AHA and 2018 KSH guidelines
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  Target population                                                         2017 ACC/AHA   2018 KSH                                                                    
  ------------------------------------------------------------------------- -------------- ---------------------------------------- ------------------------- -------- ------
  Guideline definition of hypertension                                                                                                                                 
                                                                            SBP (mmHg)                                                                                 
                                                                                           All population                           ≥130                      ≥140     
                                                                            DBP (mmHg)                                                                                 
                                                                                           All population                           ≥80                       ≥90      
  Guideline-recommended antihypertensive medication                                                                                                                    
                                                                            SBP (mmHg)                                                                                 
                                                                                           General population                       ≥140                      ≥140     
                                                                                           ≥60 yrs of age without diabetes or CKD   \-^\*^                    ≥150     
                                                                                           Diabetes mellitus                        ≥130                      ≥140     
                                                                                           Chronic kidney disease                   ≥130                      \-^\*^   
                                                                                           High cardiovascular disease risk         ≥130                      ≥130     
                                                                            DBP (mmHg)                                                                                 
                                                                                           General population                       ≥90                       ≥90      
                                                                                           ≥60 yrs of age without diabetes or CKD   \-^\*^                    ≥90      
                                                                                           Diabetes mellitus                        ≥80                       ≥85      
                                                                                           Chronic kidney disease                   ≥80                       \-^\*^   
                                                                                           High cardiovascular disease risk^‡^      ≥80                       ≥80      
  Guideline treatment goal among those taking antihypertensive medication                                                                                              
                                                                            SBP (mmHg)                                                                                 
                                                                                           General population                       \<130                     \<140    
                                                                                           Age ≥65 yrs                              \<130                     \<140    
                                                                                           Diabetes mellitus                        \<130                              
                                                                                                                                    Uncomplicated             \<140    
                                                                                                                                    Complicated^†^            \<130    
                                                                                           Chronic kidney disease                   \<130                              
                                                                                                                                    Without albuminuria       \<140    
                                                                                                                                    With albuminuria^§^       \<130    
                                                                                           High cardiovascular disease risk^‡^      \-^\*^                    ≤130     
                                                                                                                                    Cardiovascular disease    \-^\*^   ≤130
                                                                                                                                    Cerebrovascular disease   \-^\*^   ≤140
                                                                            DBP (mmHg)                                                                                 
                                                                                           General population                       \<80                      \<90     
                                                                                           Age≥65 yrs                               \-^\*^                    \<90     
                                                                                           Diabetes mellitus                        \<80                               
                                                                                                                                    Uncomplicated             \<90     
                                                                                                                                    Complicated^†^            \<80     
                                                                                           Chronic kidney disease                   \<80                               
                                                                                                                                    Without albuminuria       \<90     
                                                                                                                                    With albuminuria^§^       \<80     
                                                                                           High cardiovascular disease risk^‡^      \-^\*^                    ≤80      
                                                                                                                                    Cardiovascular disease    \-^\*^   ≤80
                                                                                                                                    Cerebrovascular disease   \-^\*^   \<90

For 2018 KSH guideline, 10-year predicted ASCVD risk ≥15% qualifies as high risk.

ACC = American College of Cardiology; AHA = American Heart Association; ASCVD = atherosclerotic cardiovascular disease; BP = blood pressure; DBP = diastolic blood pressure; KSH = Korean Society of Hypertension; SBP = systolic blood pressure.

^\*^No specific BP threshold is provided in the guideline for this population. ^†^Complicated by sub-clinical organ damage or cardiovascular diseases. ^‡^For 2017 ACC/AHA guideline, high cardiovascular disease risk is defined as a history of cardiovascular disease or 10-year predicted ASCVD risk ≥10% using the Pooled Cohort Equation. ^‡^High risk, elderly patients should be followed by elderly patients\' criteria. ^§^Including microalbuminuria.

Both contemporary BP guidelines were influenced by the benefit of intensive BP lowering in high-risk individuals, demonstrated by Systolic Blood Pressure Intervention Trial (SPRINT)[@B5] as well as meta-analyses of trials.[@B6] The identification of at-risk individuals is done by 10-year ASCVD risk prediction in the ACC/AHA guideline and by number of risk factors and target organ damage in the KSH guideline. Consequently, the recommendation for pharmacological treatment among adults with systolic blood pressure (SBP) 130--139/diastolic blood pressure (DBP) 80--89 mmHg as well as the BP goal would differ between the 2 guidelines. The objective of this study was to compare the prevalence of hypertension, the percentage recommended for pharmacological treatment, and the proportion with unmet BP goal according to the two aforementioned guidelines among Korean population by sex and age subgroups.

METHODS
=======

Study population
----------------

This study analyzed data from the Korea National Health and Nutrition Examination Survey (KNHANES) conducted between 2007 and 2017. The KNHANES is an ongoing surveillance system in the Republic of Korea that assesses current health status and distributions of its risk factors. It collects detailed information on demographics, disease history, health behaviors, healthcare utilization, nutrition and provides detailed anthropometric, blood, and urinal profiles from on-site health examination.[@B7] To produce unbiased cross-sectional estimates of the noninstitutionalized Korean population, it uses complex, multi-stage probability sample design. Sample weights are constructed to account for non-response and post-stratification, assuming the data within strata are missing at random.[@B7] The details of the KNHANES is published elsewhere.[@B7] In the present study, among 89,630 participants, 21,473 children/adolescents under the age of 20 were excluded. Then, 4,853 participants with missing BP measurements or information on antihypertensive medication intake were further excluded. Of the remaining 63,304 participants, 3,537 participants without measurement on key covariates required to calculate ASCVD risk score, including cigarette smoking, fasting glucose, physician diagnosis of diabetes mellitus (DM), and total and high-density lipoprotein cholesterols, were additionally excluded. Consequently, 59,767 participants (26,920 male and 36,384 female) were included in the final analyses.

Blood pressure measurement and definition of hypertension
---------------------------------------------------------

BP was measured using a standard mercury sphygmomanometer (Baumanometer Wall Unit 33 \[catalog No. 0850\]; Baum Co., Inc., Copiague, NY, USA). Participants sat in a comfortable position after they had rested for at least five minutes and had refrained from smoking 30 minutes prior to the measurement. BP was measured on three consecutive occasions in a standardized environment, free of disturbances, at 1-minute intervals. To minimize variability and misclassification due to white coat hypertension, the average of the second and the third measurements was adopted for the data analysis.[@B8] Using structured questionnaire, trained interviewee inquired participants regarding their previous physician diagnosis and treatment of hypertension. Participants currently using antihypertensive medication were classified as the treated group.

According to the 2017 ACC/AHA guideline, hypertension was defined as SBP ≥130 mmHg, DBP ≥80 mmHg, or current antihypertensive medication intake. Likewise, according to the 2018 KSH guideline, hypertension was defined as SBP ≥140 mmHg, DBP ≥90 mmHg, or current intake of antihypertensive medications. The guideline-specific prevalence of hypertension was calculated among all study participants combined and separately by sex and decile age groups. All presented statistics are weighted accordingly to account for contemporary Korean population structure.

Atherosclerotic cardiovascular diseases risk factors and predicted 10-year risk
-------------------------------------------------------------------------------

Lifestyle factors, including current smoking status, and history of chronic diseases, including formal diagnosis by medical doctor and treatment status, were self-reported, guided by the standardized questionnaire. Quality of the survey and health examination was controlled by trained personnel using calibrated equipment and strictly adhering to standardized protocols. The health examination obtained participants\' body weight and height to the nearest 0.1 kg and 0.1 cm, respectively, while wearing light clothing without shoes. Body mass index (BMI) was then calculated as the ratio of weight in kilograms to height in squared meters. Eight-hour fasting serum total and high-density lipoprotein cholesterols and glucose concentrations were enzymatically assessed via Hitachi Automatic Analyzer 7600 (Hitachi, Tokyo, Japan) in 2007 and COBAS 8000 C702 (Roche Diagnostics System, Rotkreuz, Switzerland) onwards. Then, presence of DM was defined as fasting plasma glucose ≥126 mg/dL, glycated hemoglobin level ≥6.5%, or taking glucose-lowering drugs.[@B9] Dyslipidemia was defined as total cholesterol ≥240 mg/dL, low-density lipoprotein cholesterol ≥160 mg/dL, high-density lipoprotein cholesterol \<40 mg/dL, triglyceride ≥200 mg/dL, or taking lipid-lowering drugs.[@B10] Chronic kidney disease (CKD) was defined as glomerular filtration rate \<60 mL/min/1.73 m^2^ estimated by the Chronic Kidney Disease-Epidemiology Collaboration equation.[@B11][@B12] Predicted 10-year ASCVD risk scores were derived from the Korean Risk Prediction Model (KRPM)[@B13] and, as a supplementary analysis, from the 2013 ACC/AHA Pooled Cohort Equation (PCE).[@B14] Additionally, following the 2018 KSH guideline, CVD risk category was determined by the number of risk factors, including age, smoking, obesity, dyslipidemia, diabetes, family history of premature CVD, and subclinical organ damage.

Statistical analyses
--------------------

General characteristics of the study population were reported as weighted frequency or mean and its corresponding 95% confidence interval (CI). We calculated the distribution of the population across 5 BP groups: SBP \<120 and DBP \<80 mmHg, SBP 120--129 and DBP \<80 mmHg, SBP 130--139 or DBP 80--89 mmHg, SBP 140--159 or DBP 90--99 mmHg, and SBP ≥160 or DBP ≥100 mmHg---assigned to the higher category when SBP and DBP correspond to different groups. Participants taking antihypertensive medication were grouped separately. Then, we compared the differences in participant demographics and physiological characteristics across these groups. Next, we calculated the percentage and the number of Korean adults with hypertension and recommended for antihypertensive medication according to the ACC/AHA guideline, the KSH guideline, and the ACC/AHA guideline but not the KSH guideline---referred to as the "difference" of the two guidelines. Lastly, we calculated the percentage and the number of Korean adults treated for hypertension whose BP exceed the target, likewise by the two guidelines and their differences. These calculations were performed on the overall population and within subgroups defined by sex, age, and ASCVD risk categories based on the KRPM and the PCE. All statistical tests were 2-sided, and statistical significance was set at a p value \<0.05. All analyses were performed using SAS version 9.4 (SAS Institute Inc., Cary, NC, USA).

Ethics approval and consent to participate
------------------------------------------

The KNHANES IV--VII were administered by the Korea Center for Disease Control and Prevention and approved by the Institutional Review Board (2007-02-CON-04-P, 2008-04EXP-01-C, 2009-01CON-03-2C, 2010-02CON-21-C, 2011-02CON-06-C, 2012-01EXP-01-2C, 2013-07CON-03-4C, 2013-12EXP-03-5C, 2015-01-02-6C). Each participant voluntarily participated and provided a signed written consent before participating in the study.

RESULTS
=======

Participant characteristics
---------------------------

[Table 2](#T2){ref-type="table"} presents general characteristics of the participants by BP classification according to the KSH guideline; the ACC/AHA guideline adopts identical BP classification, except shifting of the Korean criteria\'s prehypertension and stage 1 hypertension to stage 1 and 2 hypertension, respectively. Among participants currently untreated for hypertension, 48.5% (95% CI, 47.8-49.1) had SBP/DBP levels of \<120/80 mmHg, 5.2% (95% CI, 5.0--5.5) had 120--129/\<80 mmHg, 20.3% (95% CI, 19.9--20.8) had 130--139/80--89 mmHg, 8.7% (95% CI, 8.4--9.0) had 140--159/90--99 mmHg, and ≥160/100 mmHg 2.3% (95% CI, 2.1--2.5), respectively. Additionally, 15.0% (95% CI, 14.6--15.3) of the participants were currently taking antihypertensive medication.

###### Characteristics of the study participants by BP levels and antihypertensive medication usage according to the 2018 KSH guideline
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  Variables                                                                        SBP/DBP categories among participants untreated for hypertension (mmHg)   Taking antihypertensive medication (n=11,856)                                                                                               
  -------------------------------------------------------------------------------- ------------------------------------------------------------------------- ----------------------------------------------- ---------------------- ---------------------- ---------------------- ---------------------- -------------------
  \% of study population                                                           48.5 (47.8--49.1)                                                         5.2 (5.0--5.5)                                  20.3 (19.9--20.8)      8.7 (8.4--9.0)         2.3 (2.1--2.5)         15.0 (14.6--15.3)      
  Sex                                                                                                                                                                                                                                                                                                    
                                                                                   Male                                                                      40.1 (39.5--40.8)                               54.7 (52.8--56.7)      64.2 (63.2--65.2)      66.9 (65.5--68.3)      70.5 (67.8--73.2)      47.6 (46.5--48.7)
                                                                                   Female                                                                    59.9 (59.2--60.5)                               45.3 (43.3--47.2)      35.8 (34.8--36.8)      33.1 (31.7--34.5)      29.5 (26.8--32.2)      52.4 (51.3--53.5)
  Age (year)                                                                                                                                                                                                                                                                                             
                                                                                   20--29                                                                    26.5 (25.7--27.3)                               19.2 (17.2--21.3)      15.6 (14.6--16.6)      8.2 (7.1--9.4)         4.3 (2.8--5.9)         0.2 (0.1--0.4)
                                                                                   30--39                                                                    27.5 (26.7--28.3)                               13.5 (12.0--15.1)      21.5 (20.5--22.5)      16.4 (15.1--17.7)      17.2 (14.7--19.8)      1.8 (1.5--2.2)
                                                                                   40--49                                                                    23.4 (22.7--24.1)                               14.8 (13.3--16.3)      26.0 (24.9--27.0)      26.7 (25.2--28.2)      30.7 (27.7--33.7)      10.8 (9.9--11.6)
                                                                                   50--59                                                                    14.0 (13.5--14.5)                               18.9 (17.4--20.4)      22.3 (21.4--23.3)      25.6 (24.2--28.2)      26.7 (23.9--29.5)      26.1 (25.0--27.1)
                                                                                   60--69                                                                    5.7 (5.4--6.0)                                  18.0 (16.6--19.4)      9.4 (8.8--9.9)         12.9 (11.9--13.8)      11.2 (9.6--12.7)       30.0 (29.0--31.0)
                                                                                   70--79                                                                    2.5 (2.3--2.7)                                  12.8 (11.6--14.0)      4.4 (4.0--4.8)         8.1 (7.4--8.8)         7.5 (6.2--8.9)         25.0 (24.1--25.9)
                                                                                   80+                                                                       0.4 (0.3--0.5)                                  2.6 (2.1--3.2)         0.9 (0.7--1.0)         2.2 (1.8--2.5)         2.3 (1.5--3.2)         6.1 (5.6--6.6)
  Household income                                                                                                                                                                                                                                                                                       
                                                                                   Low                                                                       10.4 (9.8--11.0)                                21.0 (19.4--22.7)      12.4 (11.6--13.2)      17.4 (16.1--18.6)      17.9 (15.5--20.3)      31.5 (30.3--32.7)
                                                                                   Middle-low                                                                24.7 (23.9--25.6)                               26.6 (24.6--28.6)      24.9 (23.8--26.0)      25.5 (24.0--27.0)      24.4 (21.7--27.0)      25.8 (24.8--26.9)
                                                                                   Middle-high                                                               31.9 (31.0--32.8)                               28.2 (26.2--30.2)      30.3 (29.2--31.5)      29.5 (27.9--31.1)      31.3 (28.3--34.3)      21.2 (20.2--22.2)
                                                                                   High                                                                      33.0 (31.9--34.0)                               24.1 (22.3--26.0)      32.4 (31.1--33.7)      27.6 (26.0--29.3)      26.5 (23.6--29.3)      21.4 (20.3--22.6)
  Smoking status                                                                                                                                                                                                                                                                                         
                                                                                   Non-smoker                                                                60.9 (60.2--61.6)                               54.5 (52.3--56.6)      45.4 (44.3--46.5)      42.5 (40.9--44.1)      37.0 (34.1--39.9)      55.9 (54.8--57.0)
                                                                                   Previous smoker                                                           12.1 (11.6--12.6)                               16.3 (14.7--17.9)      17.9 (17.0--18.8)      18.1 (16.8--19.4)      22.0 (19.2--24.9)      21.6 (20.6--22.5)
                                                                                   Current smoker                                                            27.0 (26.3--27.7)                               29.2 (27.2--31.3)      36.7 (35.6--37.9)      39.4 (37.8--41.1)      41.0 (38.0--43.9)      22.5 (21.5--23.5)
  BMI (kg/m^2^)                                                                    22.7 (22.7--22.8)                                                         24.0 (23.9--24.2)                               24.4 (24.3--24.5)      25.1 (24.9--25.2)      25.5 (25.3--25.8)      25.3 (25.2--25.4)      
  Total cholesterol (mg/dL)                                                        183.8 (183.3--184.3)                                                      190.6 (189.--192.1)                             196.0 (195.2--196.8)   200.0 (198.7--201.3)   203.6 (201.4--205.8)   187.0 (186.1--187.8)   
  HDL-C (mg/dL)                                                                    51.7 (51.6--51.9)                                                         49.4 (48.9--49.9)                               49.1 (48.9--49.4)      48.5 (48.1--48.9)      48.2 (47.5--48.9)      46.9 (46.6--47.1)      
  Triglyceride (mg/dL)                                                             110.9 (109.7--112.2)                                                      137.8 (133.1--142.5)                            158.0 (154.5--161.5)   178.0 (172--183.6)     194.4 (184.6--204.3)   160.2 (157.5--163.0)   
  Lipid-lowering agent                                                             1.9 (1.8--2.1)                                                            5.5 (4.7--6.4)                                  2.8 (2.5--3.2)         2.9 (2.4--3.4)         1.7 (0.9--2.4)         24.4 (23.4--25.3)      
  Fasting glucose (mg/dL)                                                          93.1 (92.8--93.3)                                                         100.4 (99.4--101.3)                             99.0 (98.5--99.6)      102.0 (101.2--102.8)   104.9 (103.0--106.9)   109.4 (108.8--110.1)   
  Diabetes mellitus                                                                3.8 (3.6--4.1)                                                            11.5 (10.3--12.8)                               7.8 (7.2--.8.3)        10.1 (9.1--2.9)        10.7 (8.7--12.7)       27.7 (26.6--28.7)      
  GFR (mL/min/1.73m^2^)                                                            101.8 (101.4--102.1)                                                      94.6 (93.9--95.4)                               96.3 (95.9--96.7)      93.2 (92.6--93.7)      91.8 (90.8--92.8)      81.9 (81.5--82.3)      
  CKD                                                                              0.7 (0.6--0.8)                                                            2.5 (1.9--3.0)                                  1.0 (0.8--1.2)         2.4 (2.0--2.9)         2.9 (1.9--3.8)         11.1 (10.4--11.8)      
  History of CVD                                                                   2.4 (2.1--2.7)                                                            6.9 (5.7--8.2)                                  4.3 (3.7--4.9)         4.7 (3.8--5.6)         2.7 (1.6--3.8)         21.3 (20.1--22.5)      
  Number of ASCVD risk factors according to the KSH guideline                                                                                                                                                                                                                                            
                                                                                   0                                                                         40.4 (39.6--41.1)                               19.2 (17.4--20.9)      18.4 (17.5--19.3)      10.3 (9.3--11.3)       7.7 (6.0--9.5)         5.0 (4.5--5.5)
                                                                                   1--2                                                                      47.5 (46.8--48.2)                               54.5 (52.4--56.5)      56.5 (55.4--57.6)      55.7 (54.1--57.3)      53.3 (50.1--56.5)      43.7 (42.6--44.8)
                                                                                   ≥3                                                                        12.1 (11.6--12.6)                               26.4 (24.7--28.1)      25.1 (24.1--26.1)      34.0 (32.5--35.5)      38.9 (35.9--42.0)      51.3 (50.1--52.4)
  Predicted 10-year ASCVD risk according to the Korean Risk Prediction Model^\*^                                                                                                                                                                                                                         
                                                                                   \<5%                                                                      94.6 (94.2--95.1)                               80.1 (77.7--82.4)      87.0 (85.8--88.1)      74.0 (72.6--75.4)      60.4 (57.3--63.6)      22.2 (20.5--23.9)
                                                                                   ≥5% and \<10%                                                             3.2 (2.9--3.6)                                  8.8 (7.0--10.6)        8.3 (7.4--9.2)         14.7 (13.5--15.9)      22.4 (19.6--25.2)      25.9 (24.4--27.4)
                                                                                   ≥10% and \<20%                                                            1.5 (1.3--1.7)                                  7.3 (6.0--8.5)         3.5 (3.0--4.0)         7.4 (6.6--8.1)         11.9 (10.0--13.9)      25.8 (24.4--27.2)
                                                                                   ≥20%                                                                      0.6 (0.5--0.7)                                  3.8 (2.9--4.8)         1.2 (1.0--1.5)         3.9 (3.4--4.4)         5.2 (4.1--6.3)         26.2 (24.7--27.6)

Values are presented as weighted % or mean (95% confidence interval). The study participants were grouped into the higher category of SBP and DBP. For example, if a person had an isolated elevation of SBP (150/80 mmHg), they were allocated in stage 1 hypertension group.

ASCVD = atherosclerotic cardiovascular disease; BMI = body mass index; BP = blood pressure; CKD = chronic kidney disease; CVD = cardiovascular disease; DBP = diastolic blood pressure; HTN = hypertension; GFR = glomerular filtration rate; HDL-C = high-density lipoprotein cholesterol; KSH = Korean Society of Hypertension; SBP = systolic blood pressure.

^\*^High risk defined as a 10-year predicted ASCVD risk ≥10% or history of CVD. Predicted 10-year ASCVD risk was calculated among adults without a history of CVD.

Overall, participants classified into higher BP category were older with higher proportion of male sex. They also had higher BMI, cholesterol and fasting glucose levels, and more reduced kidney function. In the context of health-related lifestyle, they were more likely to be current smoker and drinker yet less likely to fulfill sufficient physical activity. Altogether, participants with higher BP accompanied greater number of ASCVD risk factors designated by the KSH guideline. In parallel, they were also more likely to embody high-risk 10-year ASCVD risk level according to the KRPM (2.1% in \<120/80 mmHg; 11.1% in 120--129/\<80 mmHg; 4.7% in 130--139/80--89 mmHg; 11.3% in 140--159/90--99 mmHg; 17.1% in ≥160/100 mmHg), with the exception observed between elevated BP and prehypertension groups. Substituting the KRPM with the PCE yielded parallel result.

Prevalence of hypertension
--------------------------

In a nationally representative dataset from the Republic of Korea, we found that 18,463 participants, representing 9.4 million people nationally, or 25.9% (95% CI, 25.4--26.5) of the population, would qualify as hypertension on the basis of KSH guideline definitions ([Table 3](#T3){ref-type="table"} and [Figure 1](#F1){ref-type="fig"}). The numbers are markedly higher when applying the ACC/AHA guideline, where additional 11,299 people, representing 16.8 million or 46.3% (95% CI, 45.6--46.9) of the population, would be classified as having hypertension with the use of lowered BP thresholds. Therefore, 7.4 million adults aged above 20 years would be additionally classified as having hypertension on the basis of the ACC/AHA guidelines, translating to a 20.4% (95% CI, 20.1--20.8) relative increase. The prevalence of hypertension based on the ACC/AHA guideline was consistently higher within all sex, age, and ASCVD risk. Compared with participants labeled as hypertension by the KSH guideline, those additionally given hypertension status by the ACC/AHA guideline were younger, with the most prominent increase contributed by the age group 40--49 years (23.9%, 95% CI, 23.4--24.3) and male sex (26.1% vs. 14.6% in female sex). They were most likely to possess only one to 2 ASCVD risk factors (22.9%) by the KSH guideline; analogously, they embodied near-minimal predicted 10-year ASCVD risk by the KRPM (21.7% in \<5% category). Application of the PCE did not significantly change the direction nor the magnitude of the result ([Supplementary Table 1](#S1){ref-type="supplementary-material"} and [Supplementary Figure 1](#S3){ref-type="supplementary-material"}).

###### Percentage of study participants, meeting the definition for hypertension and recommended antihypertensive medication according to the 2017 ACC/AHA and the 2018 KSH guidelines
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  Variables                          2017 ACC/AHA guideline   2018 KSH guideline   2017 ACC/AHA but not 2018 KSH                                                               
  ---------------------------------- ------------------------ -------------------- ------------------------------- ------------------- ------------------- ------------------- -------------------
  Overall                            46.3 (45.6, 46.9)        20.9 (20.4, 21.4)    25.9 (25.4, 26.5)               19.3 (18.8, 19.7)   20.4 (20.1, 20.8)   1.6 (0.9, 3.0)      
  Age group (year)                                                                                                                                                             
                                     20--29                   22.5 (21.3, 23.8)    4.9 (4.3, 5.5)                  4.8 (4.2, 5.4)      4.7 (4.1, 5.3)      17.7 (17.1, 18.0)   0.2 (0.0, 0.5)
                                     30--39                   31.6 (30.5, 32.7)    10.2 (9.5, 10.9)                10.3 (9.6, 11.0)    9.8 (9.1, 10.4)     21.3 (21.0, 21.8)   0.4 (0.0, 1.0)
                                     40--49                   45.0 (43.9, 46.1)    18.8 (17.9, 19.7)               21.1 (20.2, 22.0)   17.8 (16.9, 18.6)   23.9 (23.4, 24.3)   1.0 (0.2, 1.4)
                                     50--59                   59.1 (58.1, 60.2)    26.4 (25.4, 27.4)               35.3 (34.3, 36.4)   24.4 (23.4, 25.4)   23.8 (23.4, 24.1)   2.0 (1.2, 3.0)
                                     60--69                   67.8 (66.7, 69.0)    37.6 (36.4, 38.8)               51.1 (49.9, 52.3)   32.3 (31.1, 33.5)   16.7 (16.2, 17.4)   5.3 (4.8, 5.9)
                                     70--79                   74.6 (73.4, 75.8)    48.7 (47.2, 50.2)               62.6 (61.2, 63.9)   45.7 (44.2, 47.1)   12.0 (11.8, 12.1)   3.0 (2.4, 3.8)
                                     80+                      79.8 (77.4, 82.2)    52.9 (49.9, 55.9)               69.7 (66.8, 72.5)   49.4 (46.3, 52.4)   10.1 (9.6, 10.5)    3.5 (2.4, 4.2)
  Sex                                                                                                                                                                          
                                     Male                     55.3 (54.4, 56.1)    24.9 (24.2, 25.6)               29.2 (28.4, 29.9)   23.2 (22.5, 23.9)   26.1 (25.7, 26.5)   1.7 (1.3, 2.1)
                                     Female                   37.3 (36.5, 38.0)    16.9 (16.4, 17.4)               22.7 (22.1, 23.3)   15.4 (14.9, 15.9)   14.6 (14.2, 15.0)   1.5 (0.9, 2.1)
  Number of ASCVD risk factors^\*^                                                                                                                                             
                                     0                        21.3 (20.4, 22.2)    5.4 (5.0, 5.8)                  7.0 (6.5, 7.5)      5.8 (5.4, 6.3)      14.3 (14.0, 14.5)   −0.4 (−0.7, −0.1)
                                     1--2                     48.1 (47.3, 49.0)    20.6 (20.0, 21.2)               25.2 (24.5, 25.8)   19.1 (18.5, 19.7)   22.9 (22.4, 23.2)   1.5 (1.1, 2.0)
                                     ≥3                       69.6 (68.6, 70.5)    38.0 (37.0, 39.0)               48.2 (47.1, 49.2)   33.9 (33.0, 34.9)   21.4 (20.8, 22.0)   4.1 (3.8, 4.5)
  Predicted 10-year ASCVD risk^†^                                                                                                                                              
                                     \<5%                     37.4 (36.7, 38.1)    12.9 (12.5, 13.3)               15.7 (15.3, 16.2)   11.9 (11.5, 12.3)   21.7 (21.3, 22.1)   1.0 (0.3, 1.5)
                                     ≥5% and \<10%            71.7 (70.5, 72.9)    39.9 (38.2, 41.5)               52.5 (51.1, 53.8)   36.5 (35.1, 37.9)   19.2 (18.8, 19.7)   3.4 (2.8, 4.1)
                                     ≥10% and \<20%           79.4 (78.2, 80.6)    55.1 (53.5, 56.7)               65.0 (63.6, 66.5)   48.2 (46.6, 49.7)   14.4 (14.1, 14.8)   6.9 (6.5, 7.2)
                                     ≥20%                     92.1 (91.1, 93.1)    58.8 (57.2, 60.5)               85.1 (83.8, 86.5)   62.7 (60.9, 64.5)   7.0 (6.6, 7.6)      −3.9 (−5.0, −3.2)
  History of CVD                                                                                                                                                               
                                     Yes                      37.3 (36.5, 38.0)    54.8 (52.4, 57.2)               22.7 (22.1, 23.3)   41.8 (39.3, 44.3)   14.6 (14.1, 15.2)   13.0 (15.4, 12.0)
                                     No                       55.3 (54.4, 56.1)    18.6 (17.9, 19.2)               29.2 (28.4, 29.9)   15.0 (14.4, 15.6)   26.1 (25.7, 26.7)   3.6 (2.5, 5.1)

Values are presented as weighted % (95% confidence interval).

ACC/AHA = American College of Cardiology/American Heart Association; ASCVD = atherosclerotic cardiovascular disease; CVD = cardiovascular disease; KSH = Korean Society of Hypertension.

^\*^Number of ASCVD risk factors are based on the 2018 KSH guideline. ^†^Predicted 10-year ASCVD risk is derived from the Korean Risk Prediction Model.

![Number and percent of participants with hypertension, recommendation for pharmacological antihypertensive treatment, and BP above goal among study participants according to the 2017 ACC/AHA and the 2018 KSH guidelines. Treatment recommendation based on the KRPM.\
ACC/AHA = American College of Cardiology/American Heart Association; BP = blood pressure; KRPM = Korean Risk Prediction Model; KSH = Korean Society of Hypertension.](kcj-50-485-g001){#F1}

Eligibility for antihypertensive treatment
------------------------------------------

In Korea, of the 9.4 million people with hypertension according to KSH criteria, 15.0% (95% CI, 14.6--15.3) were currently receiving one or more antihypertensive drugs, whereas 19.3% (95% CI, 18.8--19.7) were recommended antihypertensive medication in addition to lifestyle modifications ([Table 3](#T3){ref-type="table"} and [Figure 1](#F1){ref-type="fig"}). Similarly, by the ACC/AHA guideline, 20.9% (95% CI, 20.4--21.4) were recommended for antihypertensive medication, a mere 1.6% (95% CI, 0.9--3.0) addendum by the Korean guideline, relatively miniscule to 20.4% increase in prevalence. Those recommended for antihypertensive medication by the ACC/AHA guideline but not the KSH guideline primarily originated from older subgroups, with the most distinguished contribution from age 60 to 69 years by 5.3% (95% CI, 4.8--5.9); in contrast, almost no additional participants were recommended for pharmacological intervention in younger subgroups (age 20 to 29 years, 0.2%; age 30 to 39 years, 0.4%). Moreover, participants recommended for antihypertensive medication only by the ACC/AHA guideline had a higher mean number of ASCVD risk factors defined by the KSH guideline and the highest proportion with 10-year ASCVD risk between 10% to 20% by the KRPM. Yet, despite the 7.0% increase in hypertension prevalence with the lowered BP cutoff, 3.9% less participants with predicted 10-year ASCVD risk equivalent to or higher than 20% were recommended antihypertensive medication by the ACC/AHA guideline than by the KSH guideline. Additional 13.0% of the participants whom reported affirmative to previous cardiovascular morbidity were recommended by the ACC/AHA but not by the KSH guidelines. No sex differences were observed.

[Figure 2](#F2){ref-type="fig"} characterizes 45.1% of the participants with SBP/DBP of 130 to 139/80 to 89 mmHg, whom were recommended antihypertensive medication only by the ACC/AHA guideline. These individuals are recommended for antihypertensive medication, because they are qualified as stage 1 hypertension by the ACC/AHA guideline, has history of CVD, a 10-year predicted ASCVD risk equal to or exceeding 10% according to KRPM, DM, or CKD; or are ≥65 years of age with SBP between 130 and 139 mmHg. The proportion of recommended individuals exponentially increased with older age. Adherence to the PCE yielded similar results, where additional 1.6% of participants of age 20 to 29 years were recommended treatment but reaching the entirety by the seventh decade ([Supplementary Figure 2](#S4){ref-type="supplementary-material"}).

![Percentage of participants with SBP of 130--139 mmHg or DBP of 80--89 mmHg recommended for antihypertensive medication according to the 2017 ACC/AHA guideline. A 10-year predicted risk for ASCVD is based on the KRPM.\
ACC/AHA = American College of Cardiology/American Heart Association; ASCVD = atherosclerotic cardiovascular disease; DBP = diastolic blood pressure; KNHANES = Korean National Health and Nutrition Examination Survey; KRPM = Korean Risk Prediction Model; SBP = systolic blood pressure.](kcj-50-485-g002){#F2}

Blood pressure above target
---------------------------

Among Korean adults taking antihypertensive medication, 45.6% (95% CI, 44.4--46.8) had not achieved target BP according to the KSH guideline compared with 61.7% (95% CI, 60.5--62.9) with above-goal BP according to the ACC/AHA guideline ([Table 4](#T4){ref-type="table"} and [Figure 1](#F1){ref-type="fig"}). This translates to overall 16.1% additional participants with unmet goal BP by the American guideline, thereby in need of treatment intensification. By the Korean guideline, the youngest subgroup had the lowest proportion of unachieved BP (36.2% in age 20 to 29 years), which incrementally escalated to 50.3% by age 70 to 79 years. However, with the lowering of target BP from 140 mmHg by the KSH guideline to 130 mmHg for general population and different subgroup-specific target BPs by the ACC/AHA guideline, older participants, in contrast, were more likely to attain target BP. The difference in proportion of the participants with unattained BP goal by the 2 guidelines was most pronounced among young adults, especially in age group 30 to 39 (38.4%). Once again, not much sex differences were observed within each guideline in regard to target BP attainment; adopting the ACC/AHA guideline included additional 17.9% male and 14.5% female participants with unmet BP goal than adhering to the KSH guideline. Participants with BP above goal according to the ACC/AHA guideline but not to the KSH guideline had relatively low to moderate number (0 to 2) and level (highest in \<5% group) of ASCVD risk by both algorithms ([Table 4](#T4){ref-type="table"} and [Supplementary Table 2](#S2){ref-type="supplementary-material"}).

###### Percentage of study participants taking antihypertensive medication with BP above treatment goals recommended by the 2017 ACC/AHA and the 2018 KSH guidelines

![](kcj-50-485-i004)

  Variables                          BP above goal according to   2017 ACC/AHA but not 2018 KSH                       
  ---------------------------------- ---------------------------- ------------------------------- ------------------- -------------------
  Overall                            61.7 (60.5--62.9)            45.6 (44.4--46.8)               16.1 (15.2--16.8)   
  Age group (year)                                                                                                    
                                     20--29                       63.1 (26.0--100.0)              36.2 (5.7--66.7)    26.9 (26.5--27.4)
                                     30--39                       84.5 (78.4--90.6)               46.1 (37.1--55.2)   38.4 (38.1--38.8)
                                     40--49                       74.9 (71.5--78.4)               42.1 (38.2--46.0)   32.8 (32.2--33.3)
                                     50--59                       69.1 (66.8--71.4)               42.4 (40.0--44.9)   26.7 (26.1--27.1)
                                     60--69                       56.6 (54.7--58.5)               45.1 (43.2--47.1)   11.5 (11.2--12.0)
                                     70--79                       54.7 (52.7--56.8)               50.3 (48.3--52.3)   4.4 (3.9--5.0)
                                     80+                          53.8 (49.8--57.8)               48.6 (44.5--52.6)   5.2 (5.0--5.5)
  Sex                                                                                                                 
                                     Male                         63.5 (61.8--65.2)               45.6 (43.8--47.3)   17.9 (17.5--18.6)
                                     Female                       60.1 (58.6--61.6)               45.6 (44.1--47.1)   14.5 (14.2--14.8)
  Number of ASCVD risk factors^\*^                                                                                    
                                     0                            58.6 (53.8--63.5)               35.2 (30.3--40.1)   23.4 (23.0--23.8)
                                     1--2                         61.7 (60.0--63.5)               38.3 (36.5--40.0)   23.4 (23.1--23.8)
                                     ≥3                           62.3 (60.7--63.9)               49.0 (47.3--50.6)   13.3 (12.7--13.8)
  Predicted 10-year ASCVD risk^†^                                                                                     
                                     \<5%                         65.2 (62.4--67.9)               28.7 (26.0--31.4)   36.5 (36.3--36.8)
                                     ≥5% and \<10%                65.2 (62.8--67.5)               40.5 (38.0--43.0)   24.7 (24.3--25.0)
                                     ≥10% and \<20%               57.3 (55.3--59.2)               50.5 (48.5--52.4)   6.8 (6.1--7.5)
                                     ≥20%                         61.1 (59.2--63.0)               57.2 (55.2--59.1)   3.9 (3.7--4.3)
  History of CVD                                                                                                      
                                     Yes                          57.7 (55.9--59.5)               36.8 (35.1--38.5)   20.9 (20.0--21.6)
                                     No                           60.0 (57.1--63.0)               58.5 (55.5--61.5)   1.5 (0.9--1.9)

Values are presented as weighted % (95% confidence interval).

ACC/AHA = American College of Cardiology/American Heart Association; ASCVD = atherosclerotic cardiovascular disease; BP = blood pressure; CVD = cardiovascular diseases; KSH = Korean Society of Hypertension.

^\*^Number of ASCVD risk factors are based on the 2018 KSH guideline. ^†^Predicted 10-year ASCVD risk is derived from the Korean Risk Prediction Model.

DISCUSSION
==========

We documented and compared the implications in adopting the 2 contemporary BP guidelines in Korean population. Specifically, we assessed the sex- and age-specific impact on prevalence of hypertension, recommendation for antihypertensive medication, and BP goals with antihypertensive drug treatment. Overall, the prevalence of hypertension was markedly higher by the ACC/AHA guideline due to the lowered BP cutoff than by the KSH guideline. Yet, when incorporating age, predicted 10-year ASCVD risk, comorbidity/target organ damage alongside, there was only a marginal (1.6%) increase in the percentage of adults who are suggested pharmacological approach only by the ACC/AHA guideline. On the other hand, among treated participants, 16.1% would not meet BP goal according to the ACC/AHA guideline These findings also concur with the pattern of increased hypertension prevalence when ACC/AHA guideline is applied on US population.[@B15]

The ACC/AHA guideline\'s shift to lowered BP cutoff was supported by rigorous systematic evidence from prospective epidemiologic studies and randomized trials; they demonstrated that even mildly elevated BP would increase risk for adverse cardiac outcomes, and lowering of SBP below 130 mmHg would reduce CVD risk.[@B16][@B17][@B18] A previous meta-analysis showed that lowering of usual SBP or DBP was associated with graded reduction in risk for all stroke and cerebral heart disease mortality without definite lower threshold.[@B16] A recent Korean study also confirmed that SBP 130--139/DBP 80--89 mmHg was associated with significantly higher CVD risk compared to SBP \<120/DBP\<80 mmHg across the entire lifespan of age 20--94 years.[@B19]

However, despite the substantial increase in prevalence by the ACC/AHA guideline, the increase in candidate for antihypertensive medications is relatively miniscule. The lowered BP cutoff by the ACC/AHA guideline therefore underscores the emphasis of early preventive measures and lifestyle modifications, especially for young adults, in whom lifestyle modification is central to high BP management and cardiovascular health promotion.[@B20] After cumulative high BP exposure, BP reduction later in life may not completely restore CVD risks to ideal levels in these individuals.[@B21]

On the other hand, for older individuals, treatment of SBP 130--139/DBP 80--89 mmHg according to the ACC/AHA guideline would almost always result in pharmacological treatment, as the 10-year risk function is largely age-driven. However, it is clinically challenging to attain intensive BP control without concerns for extremely low DBP and the associated risk of myocardial hypoperfusion and mortality.[@B18] Furthermore, upon population aging in Korea, the number of very old individuals exhibiting frailty and multimorbidity would rapidly increase.[@B22] Treatment intensification and sustainment may be complicated in the presence of high risks for adverse events including syncope and falls.[@B23] Given the shortage of trials that have included older patients with poor functional status, the benefit-to-risk ratio of aggressive antihypertensive treatment should be carefully weighed via an individualized approach.

It is important to note that the risk factor profiles and the absolute CVD risks largely differ by ethnicity. A multiethnic study has illustrated heterogeneous distributions of unfavorable BP, lipid, and glucose levels, and smoking status among diverse countries, resulting in variations in the burden of CVD attributable to risk factor clusters.[@B24] Moreover, the 10-year ASCVD risk rarely exceeds 10% before the sixth decade of life in Koreans.[@B19] Such low overall 10-year risk challenges us to yield adequate risk threshold for therapeutic decisions. A longer-term and population-specific estimation of ASCVD risk may be needed to identify high-risk patients at earlier age for individualized risk-based clinical decisions and doctor-patient communications.[@B25]

Lastly, the public health implications of the new guidelines should be discussed at both individual and population levels. By the ACC/AHA guideline, approximately 7.4 million adults would now be burdened with the risk of psychological morbidity or social stigma[@B26] due to the label of hypertension. Beyond, with additional 0.4 million adults newly requiring pharmacological intervention and 1 million existing patients requiring more aggressive treatment, such expansion of treatment scope and intensity may substantially increase disease burden and health expenditure.[@B27] The cost-effectiveness of lowering BP cutoff in Korea should be further studied in detail. Moreover, previous findings suggest considerable racial and socioeconomic disparities in the management of hypertension.[@B28] The differences in population structure, social environmental factors, and healthcare systems should be considered when applying the ACC/AHA guideline to Korean population.

Our study is distinguished in several ways. To the extent of our knowledge, this is the first study to comprehensively examine and to compare the potential impacts of the recent guidelines embodying different BP diagnostic and treatment criteria on Korean population. Our results delineate how additional hypertension diagnosis by the ACC/AHA guideline would theoretically affect the treatment expectations as well as substantiality of resources needed to be deployed for such new inclusions. With the usage of KNHANES, the study results can be generalized and extrapolated to establish framework for anteceding BP guidelines and healthcare policies in Korea.

Despite the timely clinical implications and robustness of the dataset, our study also has limitations. The key variables are collected from single-occasion measurements and self-report. Despite standardized protocols and calibrated tools used, data collection processes are subjected to measurement error and recall bias. One particular area of concern is misclassification of hypertension status due to white coat hypertension. Confirmatory studies using repeated and sporadic measurements from both clinic and ambulatory settings would yield more stable representation of BP levels. Moreover, our study is based on Korean adults aged 20 or above; the findings may have limited generalizability to children/adolescents or to populations of different structure, healthcare system, individual biology, and lifestyle.

In conclusion, the adoption of the 2017 ACC/AHA guideline would yield only modest percentage increase overall in Korean adults recommended for antihypertensive medication but selectively in older individuals. Furthermore, over 61% of treated individuals would have BP above target and thereby be laden with more intensive antihypertensive drug therapy in adherence to the ACC/AHA guideline. While randomized trials and observational studies generally support intensive BP control, lowering the definition of hypertension requires a framework of individualized CVD risk prediction accounting for the risk distribution among Korean population. Future studies should also address cost-effectiveness and social implications of incorporating lower BP criteria in Korea. Although the new BP cutoff was not adopted to the 2018 KSH guideline, inclination towards lower population BP, with emphasis on early lifestyle modifications, would eventually lead to more timely and proactive CVD prevention in Korea.

We are grateful to all participants of Korea National Health and Nutrition Examination Survey (KNHANES). We also appreciate the contributions of physicians, medical technicians, interviewers, and the expert committees for organizing and publishing of KNAHNES data.

**Conflict of Interest:** The authors have no financial conflicts of interest.

**Author Contributions:** **Conceptualization:** Cho SMJ, Lee H, Kim HC**Data curation:** Cho SMJ, Lee H.**Formal analysis:** Cho SMJ, Lee H.**Investigation:** Cho SMJ, Lee H.**Methodology:** Cho SMJ, Lee H, Kim HC.**Resources:** Cho SMJ, Lee H.**Software:** Cho SMJ, Lee H.**Supervision:** Kim HC.**Validation:** Cho SMJ, Lee H.**Visualization:** Cho SMJ, Lee H.**Writing - original draft:** Cho SMJ, Lee H.**Writing - review & editing:** Cho SMJ, Lee H, Kim HC.

SUPPLEMENTARY MATERIALS
=======================

###### Supplementary Table 1

Percentage of study participants, meeting the definition for hypertension and recommended antihypertensive medication according to the 2017 ACC/AHA and the 2018 KSH guidelines

###### Supplementary Table 2

Percentage of study participants taking antihypertensive medication with BP above treatment goals recommended by the 2017 ACC/AHA and the 2018 KSH guidelines

###### Supplementary Figure 1

Number and percent of participants with hypertension, recommendation for pharmacological antihypertensive treatment, and BP above goal among study participants according to the 2017 ACC/AHA and the 2018 KSH guidelines. Treatment recommendation based on the Pooled Cohort Equation.

###### Supplementary Figure 2

Percentage of participants with SBP of 130--139 mmHg or DBP of 80--89 mmHg recommended for antihypertensive medication according to the 2017 ACC/AHA guideline. A 10-year predicted risk for ASCVD is based on the Pooled Cohort Equation.
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